Abstract: Cathodic electrodeposited copper oxide thin films were prepared using 0.1 M aqueous (distilled water) copper sulphate solution onto the surface of stainless steel substrates. Deposited samples were characterized for structural and morphological analysis using XRD and SeM. Prepared samples were also analyzed using cyclic voltammetry, charge discharge and impedance spectroscopy. electrode shows nearly rectangular capacitive behavior. The highest specific capacitance of 62 F/gm was calculated at scan rate 1 mV/sec in 1 M Na 2 SO 4 electrolyte. The internal resistance observed from Nyquist plot which is about 1.95 Ω. Using ZsimpWin software matched equivalent circuit and circuitry parameters were reported.
InTrOduCTIOn
The energy is the basic requirement of any work. The basic need for development of every country is consumable energy. The collection of energy and storage can be done by using electrochemical supercapacitor, which store energy is in the form of charges. In last few years, electrochemical capacitors have received much more attention in application of energy storage devices due to their high power gain. The existence of capacitance in an electrochemical capacitor was arise from the electrical double layers (electrical double layer capacitance) due to charging and discharging mechanism or from Faradic redox reactions (pseudocapacitance) due to continuous reduction-oxidation process of material [1] . For double layer capacitor, carbon materials of high surface area were used [2] . Consequently, conducting polymers [3] , transition metal oxides with relatively high surface area i.e. RuO 2 [4] , nickel oxide [5] [6] [7] [8] [9] [10] [11] [12] , CoOx [13] and MnO 2 [14, 15] have been identified as possible electrode material for supercapacitor (pseudo capacitance). electrochemical supercapacitors are applicable in hybrid electric vehicles, lasers, fuel cells, cellular phones, digital camera etc. Properties of the electrode material decide the cyclability, stability and surface area and rate of redox reaction for eCSC. Alternatively, copper oxide is one of the transition metal oxides having low cost, environmentally compatible and having favorable pseudocapacitive characteristic [16] . Thin films of copper oxide have been prepared by various methods such as solgel, chemical deposition and electrochemical deposition [17] [18] [19] [20] . In the present report, synthesis of crystalline copper oxide thin film electrodes by electrodeposition and their electrochemical behavior is reported in depth.
ExpErImEnTAl dETAIls
Room temperature syntheses of copper oxide thin films were made by cathodic deposition onto the stainless steel substrates in an aqueous 0.1 M CuSO 4 solution. The stainless steel substrates (size 1.1 cm X 1.5 cm) were first polished with zero grade polish paper and finally washed with double distilled water in an ultrasonic bath for 15 min. Deposition of copper hydroxide thin films were carried out at constant cathodic current density of 60 mA/cm 2 . After deposition, thin brown colour copper hydroxide coating gets deposited onto the stainless steel substrates. The obtained sample gets annealed at 623 k for 1 hr.
Weight of the copper oxide deposited on the stainless steel-substrates per unit area (mg/cm 2 ) was measured by gravimetric weight difference method using contact CA 84 five digit microbalance. The internal geometry of the copper oxide was studied by using X-ray diffractometer (Rigaku D/max2550Vb+18 kw with Cukα = 1.54056 Å) in the range of diffraction angle 2q from 10 o -100 o . The surface morphological analysis was made using a SeM JeOL JSM-6360. electrochemical properties of the prepared samples were carried out using computer controlled potentiostat (h Ch 600AD spl electrochemical Analyzer/ workstation) with standard three electrode cell having platinum wire as a counter electrode and saturated Ag/AgCl as a reference electrode. The charge-discharge behavior of the sample was studied using chronopotentiometric charge-discharge method at different current densities.
rEsulTs And dIsCussIOn

Film formation mechanism
The possible film formation mechanism in cathodic deposition of copper oxide thin film is as fallows: As there is a change in oxidation state of copper from +2 to +1, phase transformation takes place from CuO to Cu 2 O.
structural and morphological study
The XRD pattern of deposited copper oxide thin film is shown in Fig. 1 The observed average value of the crystallite size 'D' was calculated for predominant (200) plane using Scherrer's formula.
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Where, 0.9 is the Scherrer's constant, λ is the wavelength of X-ray, β is the fullwidth at half-maximum and 'q' is the diffraction angle. The observed crystallite size for (200) plane was around 27.72 nm. The surface morphology of the electrodeposited copper oxide thin film taken on the surface of stainless steel substrate is shown in Fig. 2 . The deposited material shows more granular surface morphology arranged in densified manner. 
Electrochemical properties
The pseudocapacitive behavior of copper oxide is mainly due to the presence of various oxidation states which causes the redox reactions [12, 21] . The pseudocapacitive nature of copper oxide electrode is due to the transition between +2 and +1 oxidation states [16] and vice versa. The electrochemical behavior of the deposited copper oxide was carried out by using cyclic voltammetric measurents. Fig. 3 shows the cyclic voltammograms of copper oxide electrodes within 0.1 V to -0.7 V potential windows. The capacitive behavior of material is due redox transition mechanism.
Capacitance associated with the electrode was calculated for different scan rates by using following relations, Where, ∫ Idt is the area under curve, dv/dt is the voltage scan rate, C is the capacitance, W is the weight of the active material dipped in the electrolyte.
The calculated values of SC are given in Table 1 . From the Table it is seen that, values of SC decreases with increase in scan rate. The observed maximum value of SC is 62 F/gm at 1mV/s scan rate. Chronopotentiometric charge-discharge measurement of the annealed copper oxide electrode was observed at different current densities in 1 M Na 2 SO 4 electrolyte. Fig. 4 shows charge-discharge variation for annealed copper oxide electrode by varying current density from 0.2 to 5 mA/cm 2 . At 5 mA/ cm 2 , charge-discharge curve shows maximum symmetric nature indicating good reversible nature of the material at that current density. The electrical parameters such as Se, SP and η were calculated from charge-discharge curves using the following relations [22] . 
Where, V is the applied voltage, Id and td are the discharging current and time (in hour), W is the weight of active electrode (in kilogram), tc is the charging time (in hour).
The calculated values of Se, SP and η are tabulated in Table. 2, wherein it is observed that at 3 mA/cm 2 current density, electrode shows maximum power output.
electrochemical impedance measurements were made to search internal resistance of the electrode. Fig. 5(A) At high frequency region, the crossover point of the highest frequency with the real part of the impedance is in general a combine resistance of the electrolyte, intrinsic resistance of substrate and contact resistance between the active material and the current collector. The observed internal resistance was 1.95 Ω. Fig.5 (B) (Nyquist plot of Z" vs. Z") shows the experimental and standard curves obtained by simulation using ZsimpWin software; inset of it shows matched equivalent circuit. 
COnClusIOns
Preparation of copper oxide thin film electrodes by cathodic electrodeposition is possible. Deposited material shows mixed phase of crystalline copper oxide. Cyclic voltammograms indicates nearly double layer behaviour. The prepared electrode gives maximum 62 F/gm specific capacitance with specific energy 1.59 Wh/kg, specific power 1.44s kW/kg and efficiency 98%. hence cathodized copper oxide electrode proves a better material for supercapacitor application.
rEFErEnCEs
